The corrosion inhibition nature of coconut husk essence for the corrosion of mild steel in tank water (neutral medium) was investigated using weight loss, electrochemical impedance and Potentiodynamic Polarization methods. The results revealed that coconut husk essence acts as a corrosion inhibitor in well water. The inhibition efficiency increased with an increase in inhibitor concentration. The inhibition is attributed to adsorption of the inhibitor on the steel surface.
Introduction
Corrosion inhibitors are widely used in industry to reduce the corrosion rate of metals and alloys in contact with aggressive environments. Most of the corrosion inhibitors are synthetic chemicals, expensive, and very hazardous to environments. Therefore, it is desirable to find an ecofriendly inhibitor. There are some reports on the inhibition effects of non-toxic compounds on the corrosion of metals Abd et al., (1999) , Quraishi et al., (2001) , Rajappa and Venkatesha (2002) , Quraishi et al., (2003) . We have recently reported the inhibition effect of amino acids on the steel and aluminum corrosion in acidic media. The rare earth metals have been proposed as corrosion inhibitors. The inhibition effects of some non-toxic organic compounds have been also reported for steel corrosion but they are expensive Ahamad et al., (2010) , Kertit and Hamouti (1996) , Quraishi and Rawat (2002) , Bilgie et al., (2003) , Awad (1985) .. The aim of the study was to investigate the inhibition effect of coconut husk essence as a cheap, raw and non-toxic corrosion inhibitor on mild steel corrosion in neutral medium. The electrochemical measurements were also used to evaluate the inhibition efficiencies.
The Objective of the present work is as follow: 1) To evaluate the inhibition efficiency (IE) of an aqueous extract of coconut husk (CH) in controlling the corrosion of mild steel in well water, in the absence and presence of Zn 2+ ions.
2) To understand the mechanic aspects of corrosion inhibition by Potentiodynamic polarization studies and AC impendence methods; and 3) To propose a suitable mechanism for corrosion inhibition.
Experimental part

Preparation of extrac
An aqueous extract of coconut husk was prepared by soaking 20g of coconut husk with well water in one week, filtering the suspending impurities and making up to 100 ml. The extract was used as stock solution.
Preparation of specimens
Carbon steel specimens (0.022% S, 0.038% Mn, 0.027% P, 0.086 C) of dimension 1.0 cm x 4.0cm x 0.2cm were polished to a mirror finished with the emery sheets of various grades and degreased with trichloroethylene.
Weight loss method
Relevant data on the well water used in the study are given in table 1. Carbon steel specimens in triplicate were immersed in 100 ml of the solutions containing various concentrations of the inhibitor in the presence and absence of Zn 2+ for one day. The weight of the specimens before and after immersion was determined using Shimadzu balance, model Ay 62. The inhibition efficiency (IE) was then calculated using the equation.
Where W 1 and W 2 are the corrosion rates in the absence and presence of the inhibitor respectively. 
Impedance measurements
The electrochemical impedance measurements were carried out using a Potentiostat/Galvanostat/FRA (PARSTAT 2273, Princeton Applied Research, USA). Data acquisition was performed utilizing the PowerSuite software and analyzed using Zsimp Win software (version 3.21). A three electrode set up was employed with Pt foil as the auxiliary electrode and a saturated calomel electrode as the reference electrode. The mild steel cylinder, with surface prepared as described in the weight loss experimental method, served as the working electrode. The measurements were carried out in the frequency range 10 6 -10 −2 Hz at the open circuit potential by superimposing a sinusoidal AC signal of small amplitude, 10 mV, after immersion for 30 min in the corrosive media. The double layer capacitance (C dl ) and charge transfer resistance (R ct ) were obtained from the impedance plots as described elsewhere (Ananth et al., 2013) . Because R ct is inversely proportional to corrosion current density, it was used to determine the inhibition efficiency (IE %) using the relationship:
where R ct and R 0 ct are the charge transfer resistance values in the uninhibited and inhibited solutions respectively.
Polarization measurements
The Potentiodynamic polarization curves were recorded using the same cell setup employed for the impedance measurements. The potentials were swept at the rate of 1.66 mVs −1 , primarily from a more negative potential than E ocp to a more positive potential than E ocp through E corr . The inhibition efficiencies were calculated using the relationship (Baorong et al., 2008) . where I 0 corr and I corr are the corrosion current densities in the absence and in the presence of inhibitor respectively.
Results and discussion
Analysis of result of weight loss method
The corrosion rates (CR) of carbon steel immersed in well water in the absence and presence of inhibitor system are given table 2. The inhibition efficiencies (IE) are also given in this table. It is seen from table 2 that the 2% v/v aqueous extract of coconut husk (CH) shows 58% inhibition efficiency for the corrosion of carbon steel in well water and it increases with increase in volume of stock solution added to the corrosive media. .
Influence of zn2+ on the inhibition efficiency of ch
The influence of Zn 2+ on the IE of CH can also be seen from table 2. In the presence of Zn 2+ (50ppm) the inhibitor shows excellent inhibition efficiency at all concentrations. This suggests that a synergistic effect exists between CH and Zn 2+ .
Influence of duration of immersion on the ch of (8ml)-zn 2+
50ppm)
The Influence of duration of immersion on the CH of (8ml) -Zn 2+ 50 ppm) system is given in table 3. It is found that the formulation consisting of CH and Zn 2+ shows good IE even up to 7 days. The protective film is formed. This prevents corrosion of metal. This formulation may find application in cooling water systems, provided the experiments are carried out at higher temperature and dynamic condition. 
IE (%)
The active principle for corrosion inhibition
Organic compounds containing electron donor atoms like Nitrogen, oxygen and sulphur have been found to be effective corrosion inhibitors for steel (Sarkanan and Ludwig 1971) . The existing data showing that the inhibition action of most of the organic compounds is due to the adsorption of their molecules on their metal surface. The most favorable qualities possessed by compounds to act as efficient inhibitor. The active principle for corrosion inhibition is an aqueous extract of coconut husk fibre is lignin compound. This is polyphenolic compound, which is found in secondary cell walls. The structure of the Lignin compound is as follows Sarkanan and Ludwig (1971) , Arthur et al., (1996) .
Polarization studies
Electrochemical parameters like corrosion potential (E corr ), corrosion current density (I corr ), cathodic Tafel slope (b c ), anodic Tafel slope b a and percentage inhibition efficiency according to polarization studies are listed in table 4. Here I corr decreased with increasing inhibitor concentration from 2% to 8 % v/v. It is clearly observed that the coconut husk fibre essence reduce the corrosion current density.
Corrosion current density decreased noticeably with increase in inhibitor concentration, indicating the increased inhibition efficiency with the increase in the concentration of the inhibitor. E corr value shifted towards more negative potential. It has been reported that a compound can be classified as an anodic and cathodic type inhibitor on the basis of shift E corr value. If displacement of E corr value is greater than 85 mV SCE, towards anode or cathode with reference to the blank, an inhibitor is categorized as either anodic or cathodic type inhibitor. Otherwise inhibitor is treated as mixed type.
In our study, maximum displacement in E corr value was around around 79 mV SCE, indicating inhibitor is a mixed type inhibitor with more cathodic nature. b c and b a values changed with respect to the inhibitor concentration. Therefore, coconut husk fibre essence could be classified as a mixed type inhibitor suggesting that the presence of the inhibitor does not alter the reaction mechanism, and that the inhibition effect has occurred due to simple blocking of the active sites, thereby reducing available surface area of the corroding metal.
Electrochemical impedance spectroscopic measurements (eis)
Impedance spectra obtained for corrosion of mild steel in well water contains two semicircles in which the second one represents the interaction of metal surface with the corrosive environment. The first semicircle represents the nature of the corrosive media. Since the conductivity of the corrosive medium is very low, this also behaves like a leaky capacitor. The CR-CR model best describes this situation. The second semicircle in the impedance plots contain depressed semicircles with the centre below the real axis. The size of the semicircle increases with the inhibitor concentration, indicating the charge transfer process as the main controlling factor of the corrosion of mild steel. It is apparent from the plots that the impedance of the inhibited solution has increased with the increase in the concentration of the inhibitor. The experimental results of EIS measurements for the corrosion of mild steel in tank water in the absence and presence of inhibitor are given in Table 5 . (Papova et al., 1996) . reported that sum of charge transfer resistance (R ct ) and adsorption resistance (R ad ) is equivalent to polarization resistance (R p ).
Conclusion
Results obtained from both electrochemical and gravimetric methods showed that the coconut husk fiber essence acts as an inhibitor for corrosion of steel in hydrochloric acid media. Corrosion inhibition action of coconut husk fibre essence increased as its concentration increases. Inhibition of steel in HCl solution by coconut husk fiber essence is attributed to adsorption of the Lignin compound in this. 
